Beta-thalassemiais one of most common autosomal recessive hematologic disorder. Alterations in the lipid profile have been reported consistent with β-thalassemia, but the pathogenesis is not clear. Genetics variations within in both the coding and noncoding regions of the PPAR-alfa gene locus contribute to dyslipidemias and imply hematologic risks. Therefore, this study is designed to investigate the lipid profiles in patients with β-thalassemia major and intermediate and examine the possible association with dyslipidemias causing susceptibility PPAR-α gene variants in the population of Turkish Cypriots, where the prevalence of thalassemia and carriers are very high. Our results showed the strong association with the PPAR-α rs4253778 CC genotype and triglyceride in beta-thalassemia major and intermediate patient. It is tempting to speculate here that the PPAR-α gene rs4253778 CC genotype could possibly impair triglyceride metabolism more effectively in beta thalassemia major and intermediate subjects. Overall, the results from our study establish the homozygous wild-type C allele at the PPAR-α rs4253778 locus as a genetic risk factor with a riglyceride-elevating effect in a population of Turkish Cypriot β-thalassemia patients.
Introduction
Beta thalassemia disease, one of most common autosomal recessive hematologic disorder, is caused by reduced (β+) or absent (β0) synthesis of the beta globin chains of alpha and beta chains of hemoglobin tetramer (Hb). Clinical and hematological conditions show increased severity related mutation occurrence in the Hemoglobin (HBB) gene locus causing beta thalassemia carrier (trait) (TT), thalassemia intermediate (TI), and thalassemia major (TM). To date, more than 200 β-globulin gene mutations have been identified [1] . Thalassemia was a major health problem in Cyprus after Malaria [2] . Alterations in the lipid profile have been reported consistent with β-thalassemia, but the pathogenesis is not clear [3] . The results have been reported to be consistent with previous findings in patients with altered lipid profile of beta thalassemia major patients in different populations. This alteration may possibly lead to increase level of circulating TG due to decrease extrahepatic lipolytic activity and additionally may reduce hepatic synthesis due to iron overload in patients with anemia [4] . Considering the heterogeneity of beta-thalassemia mutations in different regions of the World as well as different environmental factors might mislead physicians for preventive medicine, we decided to investigate the lipid profiles in patients with TM and TI and examine the possible association with dyslipidemias causing susceptibility PPAR-α gene variants in the population of Turkish Cypriots, where the prevalence of thalassemia and carriers are very high.
Peroxisome proliferator-activated receptors-alpha (PPARA) are a group of nuclear receptor proteins belonging to the nuclear receptor superfamily which includes receptors for steroids, thyroid hormone, and retinoids that mediate diverse metabolic functions as act a ligand binding transcription factor. Besides, their well-recognized actions on regulating lipid metabolism and glucose homeostasis, PPARs are involved in variety of functions for example cell survival, proliferation, differentiation and inflammation [5] . Additionally, recent studies have indicated that PPAR isoforms play a significant role for defending against apoptosis induced by oxidative and metabolic stresses. Genetics variations within in both the coding and noncoding regions of the gene locus contribute to dyslipidemias and imply metabolic and hematologic risks (e.g., obesity, cardiovascular, diabetes, and cancer). The three most intensively studied polymorphic loci in the PPAR-α gene include rs4253778 G > C, rs1800206 C > G, and rs135539 A > C have been associated with pathology of dyslipidemia related diseases [6] .
Materials and Methods
The current study included 217 volunteers from the Turkish Cypriot population including 100 control and 50 beta-thalassemia trait, 42 beta-thalassemia major and 25 beta-thalassemia intermediate subjects. The fasting levels of plasma glucose, serum total cholesterol, HDL-C, LDL-C and TG were measured using an automatic biochemical. The study protocol was approved by the ethics committee of Near East University (application No. NEU/2018/58-586), and all subjects gave written informed consent to participate in the study.
The genotyping of the PPAR-α rs4253778 G/C, rs1800206 C/G and rs135539 A/C polymorphisms were performed through the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique [6] . Genotypes were assigned on the basis of the presence or absence of restriction sites.
Intergroup differences in continuous variables were assessed by Student's unpaired t-test, where a P value (two-tailed) of less than 0.05 was considered statistically significant. Genotype distributions and allele frequencies were calculated by the gene-counting method and their compliance to the Hardy-Weinberg equilibrium was evaluated by the goodness-of-fit χ 2 test. The association between the four-group status and each polymorphism was assessed by the odds ratio (OR) and its corresponding 95% confidence interval (CI).
Results and Discussion
The all group showed no statistically significant difference from the control group with respect to the serum concentrations of serum glucose, total cholesterol, LDL-C and HDL-C while the serum concentrations of TG was significantly higher in TM (p < 0.001; 95% CI = 124.6-155.5) ( Table 1) .
The genotype distributions and allele frequencies of PPAR-α rs4253778 G > C, rs1800206 C > G and rs135539 A > C among the four different population showed that the distributions of the all PPAR-a gene variants were following the Hardy-Weinberg equilibrium (p > 0.050).
The genetic association analysis showed that there exists no significant difference in the allele frequencies of the three polymorphisms of interest between the four studied groups. Among all the individuals, the PPARA gene rs4253778 G/C variant was found to be significantly associated with TG levels in TM and TI patients (p = 0.017; p = 0.045, respectively). Accordingly, the C allele seemed to increase the serum concentrations of TG to borderline high levels. To our knowledge, this is the first study in the relevant literature to look the PPARA gene polymorphisms in Turkish Cypriot beta-thalassemia major, intermediate, and trait subjects and better understand the effect on serum lipid profile. Goldfard et al., [4] . demonstrated that homozygous beta-thalassemia patients have abnormal structure and composition of lipoproteins including high density of LDL was of higher density with rich for triglyceride and poor in cholesterol ester. Hepatic damage, low hepatic and extrahepatic lipase enzyme activity are causing modified HDL and LDL's (by triglyceride-rich and poor in cholesterol ester) therefore monocytes and macrophages are responsible for disrupting those molecules [4] . Additionally, there are many factors for serum lipid changes in children with beta-thalassemia, such as iron overload, liver damage, and hormonal disorders [6] . However, the results obtained were not clear enough. Further studies were needed to explain the dyslipidemia in patients with beta-thalassemia. Given its role in modulating serum lipid levels, PPARA could be a causal gene for increased serum lipid level in beta-thalassemia patients. It has been well established that there exists a number of target genes involved in lipid metabolism that are regulated by the PPAR-α transcription factor. However, the scientific literature provides genetic epidemiological evidence of either a protective effect or a lack of effect of the PPARA rs4253778 C allele in dyslipidemia in many populations [8] . As a conclusion, the PPARA gene rs4253778 CC genotype could possibly impair TG metabolism more effectively in beta thalassemia major and intermediate subjects. This could be explain the variations of severity of the biochemical phenotype of thalassemia. Overall, the results from our study establish the homozygous wild-type genotype (CC) at the PPARA rs4253778 locus as a genetic risk factor with a TG-elevating effect in a population of Turkish Cypriot women with coronary artery disease.
